Invasive micropapillary carcinoma of the breast is a histologic subtype of breast cancer and associated with high incidence of lymphovascular invasion, lymph node metastasis and poor prognosis. The aim of this prospective study was to investigate the impact of precise pathologic diagnosis and individualized treatment on the outcomes of invasive micropapillary carcinoma of the breast. The study group included 2299 women with invasive micropapillary carcinoma diagnosed at Tianjin Medical University Cancer Institute and Hospital between January 2004 and December 2015. In the study group, specimens were examined with the method of whole-specimen orientation and serial sectioning, and patients received precise pathological diagnosis and individualized treatment. The control group of invasive micropapillary carcinoma consisted of 163 cases, identified through a retrospectively review of 9056 invasive carcinomas diagnosed at our institution between January 1989 and December 2003 using the standard pathology-evaluation method (i.e., not using the wholespecimen orientation and serial-sectioning method). The clinicopathological features, treatments and outcomes were compared between the two groups. The incidence of invasive micropapillary carcinoma in the study group was 6% (2299/ 39,714 cases), significantly higher than that of the control group (2%; 163/9056 cases). The 5-year disease-free survival in the study group was significantly higher than that in the control group (83.8 vs.45.4%; p < 0.05). The 5-year overall survival was significantly increased from 57.4% in the control group to 90.9% in the study group (p < 0.05). In the multivariate analysis, lymphovascular invasion, estrogen receptor status and lymph node metastasis were independent prognostic factors. Although invasive micropapillary carcinoma of the breast is associated with poor prognosis, precise pathologic diagnosis and individualized treatment improved the disease-free survival and overall survival of invasive micropapillary carcinoma patients. Precise pathological diagnosis is the premises for individualized treatments and for improving the outcomes of patients with invasive micropapillary carcinoma of the breast.
Introduction
Invasive micropapillary carcinoma of the breast is a rare histologic subtype, first described by Fisher et al. [1] in 1980. The term "invasive micropapillary carcinoma" of the breast was first proposed by Siriaunkgul and Tavassolil [2] in 1993. This micropapillary growth pattern was subsequently identified in tumors of other anatomic sites, such as urinary bladder [3] , colon [4] , and lung [5] , and was found to be associated with aggressive biologic behaviors and poor prognoses. Invasive micropapillary carcinoma is a morphologically distinct form of breast cancer, composed of small, hollow or morula-like clusters of cancer cells, surrounded by clear stromal spaces [1, 2] . The tumor cells display an "insideout" arrangement with the luminal aspect of the cell present on outer surface of the cluster [6, 7] . Invasive micropapillary carcinoma is a relatively rare subtype of invasive breast cancer, which accounts for <2% to~8% of all breast cancers [8] [9] [10] [11] [12] . Invasive micropapillary carcinoma is wellknown for its high incidence of lymphovascular invasion, lymph node metastasis, and poor prognosis [13] [14] [15] [16] . Despite the association with an unfavorable outcome, the current standard treatment for invasive micropapillary carcinoma is the same as that for invasive ductal carcinoma of no special type. Invasive micropapillary carcinoma is listed as a special histologic subtype of breast cancer in the World Health Organization (WHO) Classification of Tumors of the Breast in the 2003 and 2012 editions [17, 18] . Our group carried out a series of studies on invasive micropapillary carcinoma, including clinical pathological characteristics [13] , biological features [19] [20] [21] [22] [23] [24] , histopathologic criteria for diagnosis, prognosis, and mechanisms of metastasis [25] [26] [27] . We previously reported [6] the outcomes of 100 breast carcinomas with an invasive micropapillary carcinoma component, diagnosed at our institution between 1989 and 2001. Our data demonstrated that, even if invasive micropapillary carcinoma is present as a minor component and mixed with non-micropapillary invasive carcinoma, there is still higher incidence of lymphovascular invasion, lymph node metastasis, and recurrence. We therefore recommended that the invasive micropapillary carcinoma component, even presented as a small proportion, should be recognized and indicated in the pathology report [6, 13] . The percentage of the invasive micropapillary carcinoma component, the extent of lymphovascular invasion, and the receptor status of each histological type should be described in detail in order to guide individualized clinical treatment [6, 13] . We have developed the method of whole-specimen orientation and serial sectioning for three-dimensional specimen imaging, and documentation of the site of all lesions in mastectomy specimens, referred as precise pathologic diagnosis.
Here we report a 12-year prospective study on the 2299 cases of invasive micropapillary carcinoma of the breast with precise pathological diagnosis and individualized treatment, and compared these cases with the 163 retrospective-identified cases of the invasive micropapillary carcinoma diagnosed by routine pathological diagnosis (including 100 cases of breast invasive micropapillary carcinoma previously reported [6] ) without individualized treatment. Our results indicate that precise pathologic diagnosis and individualized treatment improve the outcomes of invasive micropapillary carcinoma patients.
Material and methods

Patient cohort
The study cohort included all breast carcinomas containing invasive micropapillary carcinoma component diagnosed from January 2004 to December 2015 at Tianjin Medical University Cancer Institute and Hospital in China. All mastectomy specimens were examined using the method of whole-specimen orientation and serial sectioning [13, 28] . In brief, the specimens were serially sectioned at 5 mm intervals and thoroughly examined. Photographs were taken to annotate the specimen. All non-fatty breast tissue and tumor were fixed in formalin and embedded in paraffin, followed by hematoxylin and eosin staining for microscopic examination. All tumors were entirely submitted for pathologic diagnosis.
We also reviewed the breast carcinomas diagnosed without using the method of whole-specimen orientation and serial sectioning from January 1989 to December 2003, and identified the cases with an invasive micropapillary carcinoma component, which would serve as the control group. [17, 18] . The proportion of the invasive micropapillary carcinoma component, histologic grade, lymphovascular invasion, and lymph node status were recorded. The invasive micropapillary carcinoma percentage was classified into ≤25% (Fig. 1a) , 26-50%, 51-75%, and >75% (Fig. 1b) .
Pathological diagnosis
Immunohistochemical staining
Immunohistochemical analyses were performed on 4-μm sections of formalin-fixed, paraffin-embedded samples. Positive control sections were included in each batch of staining, while the staining with normal mouse serum was used as the negative control.
Tumors were stained with epithelial membrane antigen (clone E29, DAKO, Denmark) and polymorphic epithelial mucin (clone EPR1023, Abcam, UK) to identify the "insideout" arrangement, in order to confirm the diagnosis of invasive micropapillary carcinoma. Epithelial membrane antigen ( Fig. 1c ) and polymorphic epithelial mucin (Fig. 1d) were expressed in the cell membrane and display the reversed polarity. Estrogen receptor (clone SP1, Zymed), progesterone receptor (clone SP2, Zymed) and human epidermal growth factor receptor 2 (DAKO HercepTest TM, Denmark) were assessed according to the American Society of Clinical Oncology /College of American Pathologists guidelines [29, 30] .
Statistically analyze
The clinic-pathologic characteristics were compared between the study and control groups using Χ 2 test, the Mann-Whitney U test, and the Kruskal-Wallis test. Univariate and multivariate logistic regression models were applied to analyze the predictors for disease-free survivals, and overall survivals. Disease-free and overall survivals were calculated from the date of surgery to the date of locoregional recurrence and or distant metastasis, and death, respectively. The date of the last follow-up or visit was used to calculate survival for patients without recurrence. The curves of disease-free survival and overall survival were calculated using the Kaplan-Meier method, and the differences between the curves were evaluated by means of the log rank test. P < 0.05 was considered statistically significant. SPSS 22.0 software for Windows (IBM, NY, USA) was used for the analyses.
Results
Clinicopathological characteristics
The study group of invasive micropapillary carcinoma consisted of 2299 cases, out of a total of 39714 invasive breast carcinomas diagnosed in the study period. A total of 163 invasive micropapillary carcinomas were identified through the retrospective review (control group), out of 9056 invasive breast carcinomas diagnosed prior to the study period. The clinicopathologic features of 2299 cases of study group invasive micropapillary carcinoma and 163 cases of control group invasive micropapillary carcinoma are summarized in Table 1 . The diagnostic rate of invasive micropapillary carcinoma was higher in the study group than that in the control group (6 vs. 2%, p < 0.05). In addition, the rate of invasive micropapillary carcinoma was increased annually in our hospital, from 3 in 2004 to 7% in 2015.
In the study group, invasive micropapillary carcinoma constituted ≤25% of tumor in 1148 (50%) cases, 26-50% in 560 (25%) cases, 51-75 % in 156 (7%) cases, and >75% in 412 (18%) cases. In the control group, invasive micropapillary carcinoma constituted ≤25% in 32 (20%) cases, 26-50% in 39 (24%) cases, 51-75% in 38 (23%) cases, and >75% in 54 (33%) cases. Diagnostic rate of invasive micropapillary carcinoma was increased significantly in the study group, especially in the subgroup with ≤25% invasive micropapillary carcinoma component (p < 0.05).
Compared with the control group, the study group had a smaller tumor size (p = 0.012), and less-aggressive features including lower incidence of lymphovascular invasion (45 vs. 53%; p = 0.030) and lymph node metastasis (68 vs. 84%; p < 0.01), fewer lymph node metastasis per case (6.5 vs. 12.4; p < 0.01), higher rates of positive estrogen- (Fig. 1a) , with >75% micropapillary component (Fig. 1b) , and immunohistochemical stains for epithelial membrane antigen (Fig. 1c) and polymorphic epithelial mucin (Fig. 1d) receptor (85 vs. 68%; p < 0.001) and progesterone-receptor expression (78 vs.64%; p < 0.001), lower rate of locoregional recurrence (5 vs.12%; p < 0.001) and distant metastasis (9 vs. 42%; p < 0.001), and fewer breast cancer specific death (8 vs. 47%; p < 0.001). In addition, the study group was noted to occur in older patients (p < 0.001). Histologic grade, human epidermal growth factor receptor 2, and lymph node stage were not significantly different between the study group and control group (p > 0.05).
The proportion of luminal type carcinoma by immunohistochemistry was 87% in the study group, significantly higher than that in the control group (75%; p < 0.001).
Treatment
The surgical and adjuvant treatments of breast cancer patients were summarized in Table 1 . A total of 2283 (99%) patients in the study group and 158 (97%) patients in the control group underwent total mastectomy or modified radical mastectomy. The remaining patients in each group were treated with breast-conserving surgery. Compared with the patients in the study group, fewer patients in the control group underwent mastectomy (p = 0.001). Fewer patients in the control group received endocrine therapy (p < 0.001), while a similar proportion of patients in the two groups received adjuvant chemotherapy and radiation therapy. 
Survival comparison
The median follow-up was 54 months (range 3-144 months) in the study group and 56 months (range 4-199 months) in the control group. The 5-year disease-free survival and overall survival for patients in the study group were 83.8 and 90.9%, respectively, compared with 45.4 and 57.4% in the control group (Fig. 2) . Patient in the study group had a better disease-free survival and overall survival. The 10-year disease-free survival for patients in the study group and control group were 47.3 and 41.8%, respectively. The 10-year overall survival for patients in the study group and control group were 55.8 and 48.0%, respectively. There was no significant difference in disease-free survival and overall survival among patients with different percentage of invasive micropapillary carcinoma component in the study group or in the control group (Fig. 3) . Univariate analysis showed that tumor size, lymphovascular invasion, lymph node metastasis, estrogen receptor and progesterone receptor status were significant prognostic factors in the control group (p < 0.05) ( Table 2 ). In addition to tumor size, lymphovascular invasion, lymph node metastasis, estrogen receptor and progesterone receptor status, histologic grade and human epidermal growth factor receptor 2 were also significant prognostic factors in the study group (p < 0.05) ( Table 3 ). Multivariate analysis using Cox regression showed that lymphovascular invasion and estrogen receptor status were significant prognostic factors in the control group (p < 0.05) ( Table 2) . Lymphovascular invasion and estrogen receptor were the most significant prognostic factor, followed by lymph node metastasis and tumor size in the study group (p < 0.05) ( Table 3 ). The proportion of invasive micropapillary carcinoma and histologic grade did not significantly correlate with survival in either invasive micropapillary carcinoma group.
Discussion
Invasive micropapillary carcinoma is a special histologic subtype of breast cancer with aggressive behavior. Our group conducted a series of studies on invasive micropapillary carcinoma of the breast in recent years and the results provided a basis for the diagnosis and treatment of invasive micropapillary carcinoma patients [6, 13, [19] [20] [21] [22] [23] [24] [25] [26] [27] .
It is well known that breast cancer may have mixed histologic patterns within the same tumor. Some histologic subtypes have different clinical behaviors. Precise pathological diagnosis therefore is critical for clinical management of the tumor with mixed histology. Marchio et al. [31] compare pure invasive micropapillary carcinomas with the grade-and hormone-receptor status-matched invasive ductal carcinomas using genomic analysis. They demonstrated that invasive micropapillary carcinomas had distinct molecular genetic profiles. Furthermore, the authors [32] also compared 24 pure and 40 mixed invasive micropapillary carcinomas and reported that mixed invasive micropapillary carcinomas are more closely related to pure invasive micropapillary carcinoma than to invasive ductal carcinoma. Thus, micropapillary morphology in breast cancer constitutes a distinct entity at both histologic and genetic levels, regardless of the proportions of the invasive micropapillary carcinoma component.
Our current and previous studies [6, 13, 19] demonstrated that, even if a small proportion of invasive micropapillary carcinoma was present in a tumor, the rate of lymph node metastasis and the number of lymph node metastasis per case were significantly increased. As previously reported [6] , current study indicated that the proportion of invasive micropapillary carcinoma did not significantly correlate with survival in the two invasive micropapillary carcinoma groups. Therefore, any invasive micropapillary carcinoma component should be recognized to guide the individualized treatment, and the extent of invasive micropapillary carcinoma component should be Fig. 2 Disease-free survival (a) and overall survival (b) of patients in the study group and control group. Patient in the study group had a more favorable disease-free survival and overall survival than that in the control group indicated in the pathology report. In a tumor with mixed histology, the lack of reporting the percentage of invasive micropapillary carcinoma component might have contributed to the different incidence rates of invasive micropapillary carcinoma in the literature. In addition to the variation in diagnostic criteria, incomplete specimen sampling of the tumor is another contributing factor.
In our study, we examined the entire tumor and breast tissue, and the diagnosis of invasive micropapillary carcinoma was further verified by immunohistochemical staining. Invasive micropapillary carcinoma component was identified in 6% of the cases in the study group, significantly higher than that that in the control group (2%). The diagnostic rate of invasive micropapillary carcinoma in recent years was increased annually and reached 7% in 2015. Increased awareness of this uncommon but aggressive tumor component plays a pivotal role in our accurate diagnosis.
Our previous study [6] indicated that invasive micropapillary carcinoma did not respond well to adjuvant chemotherapy with Cyclophosphamide Methotrexate Fluorouracil, but endocrine therapy improved patient outcomes. As noted in Table 1 , the majority of the study group were positive for estrogen receptor and/or progesterone receptor. Therefore, patients in this group were not treated with Cyclophosphamide Methotrexate Fluorouracil chemotherapy; instead, those with estrogen receptor and progesterone receptor expression were given hormone therapy (oral Tamoxifen or Aromatase inhibitors) or ovarian oblation. When invasive micropapillary carcinoma component was identified and indicated in the pathology report, the patients would be followed-up in shorter intervals, with more frequent imaging surveillance, and a drug sensitivity test was conducted in patients with recurrence or metastasis. With the modification of therapeutic regimen based upon the precise pathologic diagnosis, we found that the outcomes of patients in the study group were significantly better than those in the retrospective control group with a lower rate of metastasis and mortality. Our findings indicate that as long as invasive micropapillary carcinoma is accurately diagnosed and reported, the prognosis of invasive micropapillary carcinoma can be improved by appropriate treatment tailored to the individual patient. With precise diagnosis and individualized treatments, the 5-year diseasefree survival and overall survival of patients in the study group were improved to 83.8 and 90.9%, respectively, compared to 45.4 and 57.4% in the control group. Lymphovascular invasion and lymph node metastasis were unfavorable prognostic indicators for breast cancer. Our study showed that lymphovascular invasion and ER were the most significant prognostic factors in both study group and control group in multivariate analyses. Lymph Fig. 3 Kaplan-Meier estimates disease-free survival and overall survival, comparing the four categories of different proportions of invasive micropapillary carcinoma in the study group (a, b) and control group (c, d). There was no significant difference in diseasefree survival and overall survival, among the different proportions of invasive micropapillary carcinoma in the study group and control group HR hazard ratio, 95% CI 95% confidence interval, LNM lymph node metastasis, LVI lymphovascular invasion, ER estrogen receptor, PR progesterone receptor, HER-2 human epidermal growth factor receptor 2, DFS disease-free survival, OS overall survival node metastasis and tumor size were also significant prognostic factors in the study group. It is hence important to accurately assess lymphovascular invasion [15] and hormone receptor status [33] .
Conclusions
In the era of the control group, some invasive micropapillary carcinomas were not recognized due to the lack of awareness, and more importantly, the method of wholespecimen orientation and serial sectioning was not implemented. Lack of close follow-up and adjuvant endocrine therapy in these patients seemed to have led to a higher rate of local recurrence and distant metastasis. All cases in the study group were examined using the method of wholespecimen orientation and serial sectioning. Our data suggest that these patients survivals were improved significantly because of the precise pathological diagnosis and individualized treatment. In summary, invasive micropapillary carcinoma is a special type of breast cancer with aggressive behaviors. Even if invasive micropapillary carcinoma is present as a minor component in the tumor, it appears to dominate the clinical and biological behaviors of the tumor. Precise pathological diagnosis and individualized treatment can improve the outcomes of patients with invasive micropapillary carcinoma.
